SUMMARY Liver regeneration is the common mechanism whereby a patient recovers from a liver injury. In the western world, ethanol is the single most important aetiological factor associated with liver disease, and it appears crucial to determine if ethanol interferes with liver regeneration. We studied the response to a 70% hepatectomy in 240 rats receiving a nutritionally adequate diet containing 36% of their calories as ethanol for three weeks and their pair-fed controls receiving a liquid diet where ethanol is isocalorically replaced with carbohydrates. Criteria of liver regeneration were: incorporation of 3H-thymidine in hepatocyte DNA (cpm/10 jg DNA) and number of hepatocyte labelled nuclei on autoradiography per 100 high power fields. Controls displayed the usual response with peak activity of liver regeneration at 24 hours. Consumption of ethanol was associated with a statistically significant reduction of liver regeneration by both criteria for up to 72 hours after a 70% hepatectomy and delayed the peak of regenerative activity by 24 hours. This inhibiting effect was not related to the presence of alcohol in blood nor to hepatic microsomal enzyme induction by ethanol nor to widespread necrosis of hepatocytes. This effect was reversible after one week of abstinence. This impairment of liver cell renewal by ethanol may be of major significance in the severity and outcome of alcohol-related liver injury.
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Liver regeneration is the common mechanism whereby a patient recovers from a liver injury, be it a trauma, an infection or a hepatotoxin. In North America the major cause of liver disease is abusive alcohol consumption which accounts for 80% of liver cirrhosis. ' To determine if chronic alcohol administration affects liver regeneration, 60 rats were fed the ethanol diet for three weeks, subjected to a 70% hepatectomy, and killed in groups of 20 at 24, 48, and 72 hours after surgery. Each experimental animal was pair-fed with a control-partner receiving the control diet and subjected to the same surgical procedure and schedule of killing. Figure 1 shows the results of the DNA uptake of 3H-thymidine and labelled nuclei indices in the two groups. The control animals showed the usual response to a 70% hepatectomy with peak regenerative activity occurring at 24 hours after surgery and declining thereafter. '9 Chronic ethanol administration resulted in a significant and persistent reduction of liver cell renewal: peak activity was delayed to 48 hours and significantly reduced when compared with peak of controls (P<0.05 for both criteria). These results suggest that chronic ethanol administration is a potent inhibitor of hepatocyte replication. To determine if that inhibiting effect was related to the actual presence of alcohol in blood during liver regeneration, 20 rats were subjected to the same regimen as described above except that ethanol was removed from their diet 24 hours before surgery. Ethanol is rapidly metabolised by the liver and after 24 hours was no longer detectable in the blood of 10 pairs of rats in which it was determined. These results are similar to those reported by others.20.2' These animals and their pair-fed controls were killed 24 hours after surgery. Results are shown in Fig 2. Alcohol abstinence for 24 hours before surgery did not restore the normal response to a 70% hepatectomy as measured by the usual criteria. These results suggest that the inhibiting effect observed is not dependent on the actual presence of ethanol in blood.
To determine if that inhibiting effect is permanent or reversible, 40 rats were fed the ethanol diet for three weeks, then switched to the control diet for three days (20 rats) or one week (20 rats), then subjected to a 70% Fig. 2 Mean results of labelled nuclei indices ± SEM in four groups ofalcohol-fed rats and their pair-fed controls studied 24 hours after 70% hepatectomy. Group A.received ethanol until they were killed, and shows significant reduction of liver regeneration. Inhibition persisted although ethanol administration was stoppedfor 24 hours (group B) or three days (group C) before surgery. Alcohol abstinencefor one week reversed the inhibiting effect to normal (group D). hepatectomy and killed 24 hours later. In all experiments pair-fed partners were used as controls. Results are shown in Fig. 2 . The inhibition of liver regeneration was persistent three days after cessation of ethanol administration (P<O005 vs controls) but was absent after seven days of abstinence.
Ethanol is a well-known inducer of hepatocyte microsomal enzymes.22-24 This can be understood as an adaptive phenomenon, secondary to chronic alcohol consumption and useful in more efficiently removing ethanol from blood .25 This process, like liver regeneration, involves protein synthesis. A possible explanation for the reduction of liver regeneration observed in rats fed ethanol chronically could be by competition between the two phenomena for common building blocks. To answer that question, 10 rats received the control diet to which was added phenobarbitone (80 mg/kg/day), a commonly used inducer of liver microsomal enzymes. After three weeks on phenobarbitone, they were subjected to a 70% hepatectomy and killed 24 hours later. Pair-fed partners receiving the control diet only were used as controls. As can be seen in the Table, microsomal enzyme induction was vigorous in the phenobarbitone treated animals and, as expected, reached higher levels than in the ethanol fed rats. Nevertheless, as shown in Fig. 3 , rats treated with phenobarbitone displayed the normal response to a 70% hepatectomy. There was no significant difference between the experimental group and the controls, indicating that the two phenomena can take place simultaneously without one interfering with the other. alcohol consumption in the rat. It has been extensively used in our laboratory by one of us for the last eight years. Use of pair-fed controls minimises nutritional differences between the experimental and control groups. Liver cell replacement in young adult rats after a 70% hepatectomy is a well-studied phenomenon and a reliable model extensively used to study liver regeneration; DNA synthesis requires five to eight hours to begin, 24 hours to peak, and declines progressively during the next 24 hours.26 This sequence of events is constant in healthy rats of the same strain and age subjected to similar controlled experimental conditions.
It is also apparently a maximal response in terms of timing and magnitude, as to our knowledge it cannot be significantly improved in comparable animals. While an early peak in the experimental group cannot be ruled out, it seems unlikely, as the ethanol-fed rats had no head start over the controls: alcohol by itself did not result in DNA synthesis; at time 0 the values for the ethanol and control groups were respectively 429+37 vs 399+51 for DNA uptake of 3H-thymidine and 6±0 2 vs 7±0 2 for labelled nuclei; the experimental group was in Go phase at the time of hepatectomy and had to go through the entire G, phase in preparation for mitosis. As a large number of factors and manipulations can adversely affect the timing of the response, the study was extended to 72 hours to make sure we were not observing a simple delay in regeneration. Our data show that the peak was clearly delayed to 48 hours in the ethanol fed rat but the magnitude of the response was significantly reduced when their peak was compared with the peak of the controls.
Frank Other hepatotoxins have been shown to interfere with liver cell replacement. Rosenkranz27 and associates studied liver regeneration in rats after CC14 liver injury. They showed a significant reduction of DNA synthesis after 70% hepatectomy. In these animals mortality was high, liver necrosis widespread, but regenerative activity vigorous in the remaining hepatocytes. They concluded that the apparent diminution of liver regeneration observed in their study was an artefact related to the small number of surviving hepatocytes. Dead cells will not regenerate. The situation in our model, however, is quite different; ethanol administration as 36% of calories for three weeks was associated with minor disturbances of liver biochemistry and histology. SGOT blood levels remained normal (41±6 IU/I) while SGPT were slightly raised (62±9 IU/I). Review of our histological material showed moderate steatosis but there was no inflammation, necrosis, or fibrosis. The animals appeared to be in excellent health and operative mortality was negligible (4%). These findings are in accordance with those of others.28 Accordingly, the impairment of liver cell renewal observed in our study cannot be explained on the basis of gross and severe hepatic necrosis. In fact, ethanol by itself appears to be a rather benign hepatotoxin; a man of average size who drinks 170 g ethanol per day for 25 years has only a 50% chance that cirrhosis will develop.5.29. In the strict, controlled, environment of the laboratory, it has been very difficult to induce cirrhosis in rats on account of ethanol consumption only; rats fed a diet providing 36% of their calories as ethanol for over a year (half their life span) will display fatty liver but will not develop irreversible liver changes. pounds.3738 Our data suggest that inhibition of liver regeneration could be an additional mechanism whereby ethanol enhances liver vulnerability to injuries. As the capacity of a patient to recover from a liver disease depends on the capacity of his liver to regenerate, impairment of liver cell renewal by ethanol could be a factor of major significance in the severity and outcome of ethanol-related hepatic diseases. The fact that this inhibition is persistent for some time after alcohol intake has stopped and is then apparently reversible might explain the variable and unpredictable course of clinical liver failure associated with alcoholic hepatitis and cirrhosis. More studies are needed to define further if reversibility of this inhibiting effect is related to the period of exposure to alcohol and to determine the mechanism whereby ethanol impairs liver regeneration.
Conclusion
Chronic ethanol administration is associated with a significant impairment of liver regeneration. This inhibiting effect is not related to the presence of alcohol in blood nor to microsomal enzyme induction nor to widespread necrosis of hepatocytes. This effect is reversible after one week of abstinence. This impairment of liver cell renewal by ethanol may be of major significance in the severity and outcome of alcohol-related liver injury. 
